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ABSTRACT 

THE EROSION BEHAVIOR OF STEEL 
AS A FUNCTION OF MICROSTRUCTURE 

ON SOLID PARTICLE EROSION 

ALAN V. LEVY 

Materials and Molecular Research Division 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 94720 

LBL-10798 

The effects of the microstructure of two ductile steels on their 

so-lid particle erosion were determined. The steels chosen allowed 

microstructural changes to be made without drastically changing their 

hardness, which is reported to be a direct function of erosion resis~ 

tance. The steels used were plain carbon 1075 and 1020 in the coarse 

pearlite, fine pearlite, and spheroidized forms for the 1075 and in 

three spherodized conditions for the 1020 steel. Single particle and 

multiple particle erosion tests were conducted using 240 llm diameter 

SiC particles, angles of impingement of 15°, 30°, and 90° and veloci~ 

ties of 30.5 mps (100fps) and 61 mps (200fps). Both surface and 

subsurface analyses were conducted using scanning electron microscopy. 

In the roan temperature erosion tests, the spheroidized 

microstructure of the 1075 steel eroded less than either of the two 

pearlitic microstructures. It was found that the pearlitic steels 

exhibited cracking at the eroded surface as well as beneath it, 

causing greater material removal. The spheroidized structure showed 

no surface cracking; however, cracking did occur at a depth of 

approximately 20 llm below the surface. The carbide particle spacing 
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in the 1020 spheroidized steel also had a measureable effect on the 

erosion rate, The hardness of the various microstructures had an 

inverse relation to the erosion rate, 
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INTRODUCTION 

Material removal by moving solid particles carried in fluid 

streams has been recognized as a serious problem for many years in 

various engineering applications. Early studies in solid particle 

erosion were prompted by severe damage to equipment used for the 

catalytic cracking of oil. 1•2 Since then erosion studies have been 

conducted for a variety of reasons including dust and sand erosion of 

helicopter engine compressor blades and small solid particle damage to 

gas turbine blades. 3•4 More recently, there has been a renewed 

interest in the field because of the hostile environment to which 

materials are subjected in many advanced energy conversion systems, 

especially coal gasification and liquefaction. 5 Severe damage to 

internal components including piping, fittings, cyclones, and valves 

has been observed in coal gasification pilot plants caused by coal 

char moving at velocities up to 30.5 meters/second. It is very 

important that a better understanding of the solid particle erosion 

mechanism be obtained. 

Previous workers in the field have made valuable advances in the 

understanding of erosion. 6- 15 It has been determined that erosion 

of ductile alloys strongly depends on particle velocity and angle of 

impingement, a, as shown in Fig. 1, and, to a lesser degree on parti-

cle size, shape, density and solids load·ing in the fluid stream. The 

impingement angle for maximum erosion is usually found to be from 15° 

to 30° for ductile alloys. Brittle materials behave quite differently 

than ductile materials (see Fig. 1). 
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A majority of the work in erosion has been on mechanisms of metal 

removal with analytical modeling. Not until recenUy have the 

metallurgica-l aspects of erosion been addressed. Consequently 9 

limited efforts have been made to understand what is occurring micro-

structurally during the erosion process beneath the surface of the 

t . l I d R ff 16 . . . t . b t . d t d ma ena . ves an u 9 • 1n a p10neenng con n u 1on, con uc e 

a study of erosive single particle impacts on 310 stainless steel and 

copper using scanning electron microscopy (SEM) and transmission 

electron microscopy (TEM). They found extremely high dislocation 

densities ·in the immediate vicinity of the impact crater, indicat·ive 

of severe plastic deformation. 

It is the purpose of the present work to vary the microstructure 

of the target material to determine its effect on solid particle 

erosion and to examine microscopically subsurface deformation caused 

by the erosion process using SEM. The approach taken was to select 

steels, 1075 and 1020, that could be readily heat treated into 

different microstructures without changing drastically the hardness 

of the material. The steels were chosen because they could be heat 

treated to a lamellar structure and a spheroidized structure making it 

possible to examine the effect of fine pearlite, coarse pearlite, and 

various spheroidized structures on erosion, 
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EXPERIMENTAL PROCEDURES 

aration 

The commercial plain carbon 1075 and 1020 steels were obtained for 

erosion testing and cut into samples 0.75 in x 2.5 in x 0.125 in. The 

1075 steel was heat treated to fine pearlite, coarse pearlite, and 

spheroidized microstructures (Fig. 2) in a high vacuum controlled 

atmosphere furnace to prevent chemical changes on the sample surface. 

Coarse pearlite was formed by austenitizing at 875° ± 3oC for 

30 minutes, furnace cooling to 700° ± 3oC in a stream of argon gas, 

ho-lding for 3 hours, and furnace cooling to room temperature. Fine 

pearlite was formed by austenitizing at 875" ± 3"C for 30 minutes, 

fast cooling to 600" ± 3"C in a stream of argon gas, holding for 

30 minutes, and cooling to room temperature. The spheroidized speci­

mens were heat treated by encapsulating the samples in quartz tubes 

filled with argon, austenitizing at 875" ± 5°C for 30 minutes, furnace 

coling to 700°C, holding for 10 days, and air cooling to room 

temperature. 

The 1020 steel was obtained in the hot rolled form, heated to 

950"C for one hour for complete austenization, water quenched, 

polished to 600 grit, enclosed in stainless steel bags with an argon 

atmosphere, and spheroidized for 10 to 50 hours at 707°C to obtain 

three different spheroid sizes and distributions. 

Character·ization of the 1075 steel included determining chemical 

composition, hardness, and tensile behavior including work hardening 

coefficient (n), and work hardening rates. The work hardening 

coefficient was determined by plotting log true stress, crt, vs. log 
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true strain, t::t' and finding the slope of that line, assuming the 
n data corresponds to the equation a~ ay k(t:: - t::Y) . Work 

hardening rate was determined by the slope of the tangent of the true 

stress - true strain curve at 1 percent and 2 percent strain. 

Samples used for multiple particle impact testing were 

metallographically polished through a 4/0 paper prior to testing. 

Those used for single particle impact studies were polished through 

1 ~m diamond wheel. 

In a series of tests to study the threshold behavior of the 

erosion of the 1075 steel, specimens were cold rolled to 20, 40, 60, 

and 80 percent reduction of area. 

Erosion Testin 

The erosion testing was conducted at room temperature using an air 

blast tester shown in Figs. 3 and 4. The tester operated by feeding 

the eroding particles from a vibrating hopper into a stream of gas. 

The partie le feed rate was found to be accurate and constant at 

20 grams/minute, a solid loading of 0.6 gm SiC/gm air at 30.5 mps 

(100 fps) and 0.36 gm SiC/gm air at 61 mps (200 fps) for the size and 

shape of particles used in this study. Angular silicon carbide 

particles were used as the eroding material having a hardness of about 

4500 (VHN) and an actual (true) density of 3.2 grams/cm3. Most 

erosion testing was conducted using +65 -60 mesh (240 ~m diameter) 

particles. The testing device allowed for choice of particle velocity 

by changing the pressure drop and gas flow rate across a 0.305 m (12 11
) 

long by 4,77 mm (0.1875") ID stainless steel nozzle, Particle 
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velocities used in this study were 30.5 mps (100 fps) and 61 mps 

(200 fps). These velocities were calculated using a one dimensional, 

two phase flow computer analysis 17 and experimentally verified using 

t d . t t . d . 18 F . 5 . h . h . a ro ary 1sc es 1ng ev1ce. 1gure 1s a sc ernat1c s ow1ng 

where the disc was placed and how the velocity calculation was made. 

Angles of irnpingrnent used in this study were 15°, 30", and 90°, 

Single particle and multiple particle erosion tests were conducted 

on the steel samples. Single particle impact craters were observed 

with the SEM and stereo photomicrographs were taken to determine the 

depth of the craters. The multiple particle impact tests were con-

ducted by impacting five, 60 gram charges of SiC on the sample surface 

for the 1075 steel and five 30 gram charges of SiC for the 1020 steel 

with weight loss measurements of the sample taken after each 60 or 

30 gram charge. After each particle charge impacted, the surface was 

subjected to a high pressure air blast to minimize the amount of SiC 

left on the surface before weight measurements were taken. Erosion 

rates for each successive particle charge of SiC were determined by 

the formula: 

Erosion Rate change in mass of sample 
=mass of impacting particles (60 or 30 grn) 

The surface and cross section of the multiple particle eroded samples 

and single particle impact craters were analyzed microscopically. 
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RESULTS 

Hardness and tensile data for the 1075 steel are presented in 

Tables I and II and Fig. 6. The spheroidized steel was somewhat 

softer (R8 79) than the coarse pearlite (R8 90), with the fine 

pearlite being the hardest (R8 100). Tensile data show that the 

spheroid·ized structure had a slightly lower yield and ultimate 

strength than the pearlitic steel and greater elongation. The work 

hardening exponent (n) was also much greater for the spheroidized 

structure. However, the initial work hardening rate (at 1 percent 

strain) was almost h1ice as large for the pearl itic steel as for the 

spheroidized structure. 

Results of a typical multiple particle erosion test for the three 

different microstructures of the 1075 steel are shown in Fig. 7. This 

curve was made for a test particle velocity of 30.5 mps (100 fps) and 

an angle of impingement of 30°. The curve shows that after steady 

state erosion had begun (the horizontal portion of the curve) the 

spheroidized microstructure eroded less than either the coarse or fine 

pearlite. It should also be noted that there is a definite threshold 

region of increasing erosion rate before steady state erosion begins. 

Erosion data at a particle velocity of 61 mps (200 fps) also show 

that the spheroidized structure eroded less than the fine or coarse 

pearlite structures (see Fig. 8). At 61 mps (200 fps), however, the 

threshold region is not as pronounced as a particle velocity of 

30.5 mps (100 fps). 
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Table I 

1075 Steel Hardness Data 

--·-·--

RB VHN 
( 1 000 gm LOAD) 

F i ne P ear 'I i te 100 250 

Coarse Pearlite 90 191 

Sphero i di zed 79 162 

Spheroidized 

Cold Rolled 20% 99 242 

C o l d R o 1 l ed 4 0% 102 262 

Cold Rolled 60% 105 288 

c o 1 d R o 1 1 ed 8 0% 106 316 



Coarse 
Pearlite 

Spheroi­
dized 

Yield Strength Ultimate Strength 

126,400 
.8 

Table II 

Tensile Data 1075 Steel 

% Elongation 

12.4 

26.8 

Work Hardening 
Coefficient (n) 

0.15 

0.27 

Work Hardening 
Rate at 1% e: 

Work Hardening 
Rate at 2% e: 

11,100 
.6 

14,800 

Data from flat tensiles with one inch gauge , 0.151" thick cut transverse to rolling direction (same orientation as 
erosion samples • 
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Erosion rates can be compared for the three microstructures at all 

ang·les of impingement on erosion rate vs. angle of impingement curves 

for 30.5 and 61 mps (see Figs. 9 and 10). The curves are typically 

shaped for ductile alloys. Data scatter bands for 15° and 30° show 

that the pearlitic steel curves were essentially the same at 30.5 mps 

(100 fps) velocity while the spheroidized steel curve was lower. For 

61 mps (200 fps) the order of performance was the same but the amount 

of difference in erosion among the microstructures had changed. 

A one~half hour duration test was conducted to determine if the 

pearlitic and spheroidized microstructures behaved the same after 

longer erosion times. The particle velocity used was 61 mps (200 fps) 

and the impact angle was 15°. The SiC particle size was slightly 

larger (280 ~m diameter) than was used in the tests of Figs. 9 and 

10. The spheroidized structure once again eroded less (wt. loss 

= 0.185 grams) than the pearlitic steel (wt. loss= 0.194 grams). The 

erosion resistance of the different microstructures is not what would 

have been expected from hardness data; the erosion increases with 

increasing hardness rather than decreasing. The fine pearlite 

material should have eroded the least since it was the hardest of the 

three microstructures. (R8 100 compared to R8 79 for the 

spheroidized steel). 

Results of the single particle impact tests showed that the 

pearlitic and spheroidized structures exhibited markedly different 

mechanisms of erosion, The pearlitic stee·ls typically showed 

fracturing of the cementite plates as the particle impacted the 
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surface as seen in Figs. 11 and 12. This type of surface fracture 

would be expected because of the brittleness of the cementite plates. 

The ferrite matrix, being very soft and ductile, appears to be torn 

away leaving the plates exposed. The spheroid i zed steel under single 

particle impact showed no severe cracking but rather exhibited a 

mechanism where the ferrite matrix was plastically deformed with 

carbide particles lying near or on the surface after impact (see 

Fig. 13). 

Cross sections of single particle impact craters resulting from 

large SiC particle impacts (1200 ~m diameter) showed similar results 

to the SEM analysis of the surface the single particle impact area. 

The pearlitic steel showed the cementite plates breaking off at the 

surface, Fig. 14 (the particles appearing above the metal surface are 

mounting material). It is also interesting to note that the cementite 

plates below the surface are being bent in the process of crater for­

mation, Fig. 15. The cementite deformation indicates the extent and 

direction of plastic flow beneath the surface. In many instances 

these cementite plates were bent without fracturing. 

Multiple particle impact test samples in cross section showed 

microcracks forming below the surface. At particle velocit-ies of 

61 mps (200 fps) and 30.5 mps (100 fps) and angles of impingement of 

15° and 30°, the spheroidized structure showed cracks at a depth of 

20 ~m. Fig. 16. These sub-surface cracks are similar to those found 

by Suh 14 in his studies of sliding wear. Under the same conditions 

the pearlitic steel showed cracks much nearer the surface (3 to 6 ~m), 
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Fig. 17. At a 90° impact angle and a particle velocity of 61 mps 

(200 fps), the spheroidized and pearlitic structures both showed that 

most of the subsurface cracking occurred in or very near the plasti­

cally deformed surface layer. Cracks were seen to a depth of ~15 ~m 

below the surface which is assumed to be the depth of plastic 

deformation. 

The results of cold working of the surface prior to eroding are 

shown in Table III. As the degree of cold work was increased the 

erosion rate after the first 60 grams of particles increased. 
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Table III 

1075 Steel Erosion Data, Spheroidized Microstructure 

Initial Erosion Rate 
% Cold Work (After First 60 Grmns of Impacting Particles) 

0 9.8 X lo~3 rng/g 

20 10.3 X 10-3 mg/g 

40 14.9 X lo~3 mg/g 

60 16.6 X lQ-3 mg/g 

80 17 .2 X 1o-3 mg/g 

Steady State Erosion Rate = 22 x lo-3 mg/g 
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1020 Steel 

The three different spheroidal microstructures tested are shown in 

Figs. 18-20 along with data on their carbide particle sizes and spac-

ings. Grid maps of each microstructure were made to determine their 

particle spacings and densities. Run 1 (Fig. 18) had the smallest 

size particles and the shortest interparticle spacing. Run 2 had 

roughly ha.lf the number of carbide partkles, twice the average part'i-

cle size and twice the average particle spacing of Run 1. Run 3 had 

very large particles compared to Runs 1 and 2, much greater particle 

spacings and considerably fewer number of particles. Run 1 used the 

hardest steel, R8 30, Run 2's steel was slightly softer, R8 25 and 

Run 3 1 S steel was considerably softer at R8 10. 

Figure 21 is a curve showing the erosion behavior of the three 

microstructures. It can be seen that the amount of erosion in Run 2 

is 33 percent less than that in Run 1 at the steady state condition. 

Run 2 has an interparticle spacing twice that of Run 1, providing more 

soft, ductile ferrite structure between the hard carbide particles to 

plastically deform upon impact by the eroding SiC particles. The 

steel in Run 2 has a somewhat lower hardness than that used in Run 1. 

Run 3, on the other hand, is much softer than the other two runs' 

steel specimens with a much lower strength to resist erosion. It 

experienced roughly twice the erosion of the other two spheroidized 

specimens. 



DISCUSSION 

1075 Steel 

Steady State Erosion 

l 7 

The single particle impact study proved to be useful in explaining 

why the pearl itic structure eroded more than the spheroidized struc~ 

ture. Since the pearlitic steel showed fracturing on the eroded 

surface it is reasonable to assume the pearlitic steel's mechanism of 

material loss would be one in which the material could be driven from 

the surface in the form of chips that have cracked from the surface 

along brittle cementite lamellae (see Fig. 12). The spheroidized 

steel showed no surface cracking and therefore would exhibit a mechan~ 

ism in which much material would be plastically moved about with less 

material being actually driven from the surface (Fig. 13). 

The type of material loss mechanism the spheroidized steel 

exhibited has also been seen in abrasive wear studies of spheroidized 

stee1. 19 Recall also that the tensile data showed the pearl itic 

steel had a much lower percent elongation and a much higher initial 

rate of work hardening than the spheroidized steel. The high strains 

and strain rates of erosion could cause the pearlitic steel to sever­

ley work harden and promote fracture at the surface. The spheroidized 

structure, on the other hand, being more ductile and having a lower 

initial rate of work hardening, would not fracture at the surface but 

could produce a stress system capable of causing cracks below the 

surf ace. 
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Subsurface cracking did appear in the spheroidized samples at a 

depth of approximately 20 ~m and to a lesser degree and nearer the 

surface in the pearlitic steels. Subsurface cracking has been seen 

before in sliding wear studies 14 and has been alluded to in erosion 

studies to account for erosion at high impact angles. A number of 

theories to explain this cracking under erosion type loading con­

ditions have been given in the literature. 6•7•19 Two possible 

explanations for the subsurface cracking will be discussed. 

1. Finnie 6 and others have indicated in their work that it is 

possible that a low cycle fatigue phenomenon could be responsible for 

causing subsurface cracking at high angles of impingement. This type 

of failure would stem mainly from the alternating normal component of 

the force acting on the surface which would cause alternating com­

pressive and tensile plastic strains in the material. Cracking would 

probably begin most quickly and severely in the plastic zone. Once 

cracks had begun, propagation would cause connection of microcracks 

and material would spall off. 

From the present study it would seem that the low cycle fatigue 

theory could explain subsurface cracking at normal angles of particle 

impingement since severe cracking was seen in the plastically deformed 

region and at what seemed to be the interface of plasticity and 

elasticity. However, the low cycle fatigue process would not totally 

explain the subsurface cracking at more grazing angles where the 

stresses normal to the surface are much lower. 
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2. Another explanation for subsurface cracking is given by 

workers on sliding wear. 14 In the delamination theory of wear it is 

believed there is a certain work.-softened layer caused by the wear 

process due to dislocations near the surface being able to reach the 

free surface and not cause entanglement and work hardening. However, 

at a certain depth below the surface, dislocations are no longer able 

to move to the surface, but instead become entangled and therefore do 

not transmit the energy of the wear process out to the surface or into 

the material. At this depth stresses rise that eventually are capable 

of nucleating cracks, especially at interfaces between incoherent 

second phase particles and the matrix. It is possible that this 

explanation could be converted from sliding wear behavior to solid 

particle erosion where strain rates are much higher than in most other 

wear processes. However, as has been discussed earlier, 16 high con­

centrations of dislocations below the surface have been associated 

with erosive single particle impacts and with cavitation erosion con­

ditions. Further work is needed to determine if the delamination 

theory of wear could adequately explain the subsurface cracking 

o bserved in th ·is i nv est i gat ion. 

Threshold Behavior 

The threshold region of the erosion rate vs. amount of particles 

curve before steady state erosion has begun may be important in appli-

cations where erosion and corrosion are occurring simultaneously. A 

component may exhibit threshold behavior throughout its life due to 
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a constant build up and breakdown of the surface material during 

corrosion and erosion. 

The threshold behavior before steady state erosion begins, as seen 

in Figs. 7 and 8 (curves of Erosion Rate vs. Amount of Impacting 

Particles), is more pronounced at particle velocities of 30.5 mps 

(100 fps) than at 61 mps (200 fps). Others have observed this type of 

behavior at normal angles of impact and have attributed it to eroding 

particle deposition in the sample. 9 At glancing angles the deposi­

tion and therefore the threshold would disappear. In the present 

study, a low initial erosion rate was observed at all angles of 

impingement at a particle velocity of 30.5 mps (100 fps) and at 90° at 

a particle velocity of 61 mps (200 fps). Since the threshold was 

quite pronounced at glancing angles, it was believed that SiC 

deposition was not the primary cause for the low initial weight loss. 

A test series was performed to provide further insight into the 

threshold behavior. Samples were cold rolled to 20, 40, 60, and 80 

percent reduction, Table III, and eroded by one 60 gm charge of SiC 

particles at a particle velocity of 30.5 mps (100 fps) at an impinge­

ment angle of 15°. As the amount of reduction and corresponding cold 

work and hardness increased, the amount of erosion also increased. It 

approached steady state erosion but did not achieve it. However, the 

amount of erosion between the annealed (O percent reduction) and the 

80 percent reduction specimens almost doubled. The amount of erosion 

in the threshold period has an inverse relation with work hardening. 

An explanation for this phenomenon has 
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been developed in a series of experiments in this laboratory and will 

be reported in a subsequent paper. 

1020 Steel 

The three different microstructures used defined the range in 

wh·ich eros·ion is affected by the distribution and hard particles in a 

soft, ductile matrix. In Run 1, where the carbide particles were the 

smallest in size and greatest in quantity and distance between the 

hard particles, where the soft, ductile ferrite matrix occurred was 

the smallest, the erosion was greater than in Run 2. In Run 2 the l/3 

less erosion occurred because the brittle spheroids were consolidated 

into fewer, larger particles with more ductile ferrite between them. 

This permitted more plastic deformation of the surface to occur 

without material removal and the erosion was reduced. 

In Run 3, the carbide particles had been consolidated to such a 

degree that they effectively played no role in strengthening the steel 

and it assumed completely the characteristics of the low strength 

ferrite matrix. The steel in this condition was now more susceptible 

to erosion because of its very low strength. Any increase in ductil­

ity that was present to permit more plastic deformation without 

material loss upon particle impacts (as occurred in Run 2 compared to 

Run 1) was more than offset by the much lower strength which permitted 

impacting particles to readily plastically deform the material to 

failure. 

The selection of the particular range of spheroidized microstructures 

used in these experiments was fortuitous because it demonstrated that 
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microstructural variations that change ductility only have a positive 

effect on erosion behavior over a limited range. When that range is 

exceeded, the erosion behavior reverts to a basic function of strength 

or hardness; the stronger materials eroding less. 
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CONCLUSIONS 

The following conclusions can be drawn from the investigation: 

1. Microstructure plays a role in the solid particle erosion of 

ductile alloys. In both steels tested, the erosion rate was directly 

related to the distribution of hard, brittle and soft, ductile phases 

in the alloy. Within limits, the more continuous the ductile matrix 

was, the lower the erosion rate was. However, when the ductile matrix 

becomes the predominant phase and the resulting strength of the steel 

is markedly reduced, strength becomes the dominant factor in erosion 

and not ductility. In the 1075 steel, the spheroidized structure with 

its brittle carbide particles concentrated into spheroids interspersed 

in a more continuous ductile ferrite matrix eroded less than the 

pearlite structure where the carbide was in platelets, finely sepa­

rating the areas of ductile ferrite. In two of the three 1020 steel 

tests, the greater the distance between brittle carbide spheroids, the 

smaller the amount of erosion. However, when particle spacing got too 

great the steel reverted to the high erosion rate of the low strength 

ferrite matrix. 

2. The erosion resistance of the 1075 steel and the two harder 

1020 steel samples varied inversely with hardness rather than 

directly, as generally reported in the literature. 

3. The pearlitic structure of the 1075 cracked at and near the 

surface, along planes of carbide while the spheroidized steel only 

cracked at a depth of about 20 ~m below the surface. The cracks 
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initiated at carbide particle~ferrite matrix interfaces and propagated 

through the ferrite matrix. 

4. Hydrostatic compression occurs directly beneath the point of 

impact of a particle, as evidenced by the bending of some of the 

carbide plates of the pearlite without their fracturing. 

5. There is a definite lower erosion rate threshold region that 

occurs before higher rate, steady state erosion begins. 

6. Work hardening of the surface of the spheroidized 1075 steel 

by rolling prior to erosion testing increases the amount of erosion 

that occurs during the initial period of material loss. 
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FIGURE CAPTIONS 

Figure 1. 

Figure 2. 

Figure 3. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Plots of erosion rate (grams removed/grams of impacting 

particles) versus angle of impingement, (degrees) of a) a 

typical ductile alloy, and b) typical brittle material. 

Scanning electron micrographs of 1075 steel in the coarse 

pearlite, fine pearlite, and spheroidized microstructures. 

Photograph of room temperature erosion tester. 

Schematic diagram of room temperature erosion tester. 

A. Schematic diagram of erosion tester with rotary 

particle velocity testing device attached. 

B. Description of variables for particle velocity 

measurements. 

Plot of engineering stress versus engineering strain for 

1075 steel -· coarse pearlite and spheroidized. 

Plot of erosion rate (mg/g) versus amount of impacting 

particles (gm) for 1075 steel- coarse pearlite, fine 

pearlite, and spheroidized ~ using 240 ~m diameter SiC. 

vp = 30.5 mps (100 fps), a= 30°' 

Plot of erosion rate (mg/g) versus amount of impacting 

particles (gm) for 1075 steel - coarse pearlite, fine 

pearlite, and spheroidized- using 240 ~m SiC. 

vp = 61 mps (200 fps). a= 30°' 



Figure 9. 
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Plot of erosion rate (mg/g) versus angle of impingement 

(degrees) for 1075 steel in the coarse pearlite, fine 

pearlite, and spheroidized microstructures using 240 ~m 

SiC. VP = 30.5 mps (100 fps). 

Figure 10. Plot of erosion rate (mg/g) versus angle of impingement 

(degrees) for 1075 steel in the coarse pear"lite, fine 

pearlite, and spheroidized microstructures using 240 ~m 

SiC. 

Figure 11. Photomicrograph of single particle impact crater on 1075 

steel (coarse pearlite) using 240 ~m SiC. VP = 61 mps 

(200 fps), a = 15°. Stereo pair can be viewed with stereo 

viewer found in back cover of ASM Handbook, Vol. 9. 

Figure 12. Photomicrograph of a single particle impact crater on 1075 

steel (coarse pearlite) using 240 ~m SiC. Vp = 107 mps 

(350 fps), ~ = 15°. 

Figure 13. Photomicrograph of a single particle impact crater on 1075 

steel (spheroidized) using 240 ~m SiC (stereo pair 

included): vp = 61 mps (200 fps), ~ ~ 15°. 

Figure 14. a) and b) Photomicrographs of cross sections of single 

particle impact craters formed in 1075 steel (coarse 

pearlite) using 1200 ~m diameter SiC. VP = 30.5 mps 

(100 fps), a= 90". 

Figure 15. a) Scanning electron micrograph of 1075 steel (coarse 

pearlite) after multiple erosion with 240 ~m SiC. 

vp ~ 61 mps (200 fps), a~ 30°. 
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Figure 16. Scanning electron micrograph of cross section of 1075 

steel (spheroidized) after multiple particle erosion with 

240 11m SiC. V = 61 mps (200 fps), p 

Figure 17. a) and b) Scanning electron micrographd of cross sectiond 

of 1075 steel (coarse pearlite) sample after multiple 

erosion with 240 11m SiC Vp = 61 mps (200 fps), a= 30°. 

Figure 18. Spheroidized 1020 steel with smallest carbide particle 

size, smallest particle spacing and largest number of 

particles. 

Figure 19. Spheroidized 1020 steel with intermediate carbide particle 

size, greater particle spacing and fewer particles. 

Figure 20. Spheroidized 1020 steel with very large sized particles, 

great particle spacing and relatively few particles. 
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CBB 763-2073 

Figure 3 
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Figure 11 
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Figure 14 
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